Abstract. Ciliary neurotrophic factor (CNTF) influences the levels of choline acetyltransferase (CHAT) and tyrosine hydroxylase (TH) in cultures of dissociated sympathetic neurons from newborn rats. In the presence of CNTF both the total and specific activity of ChAT was increased 7 d after culture by 15-and 18-fold, respectively, as compared to cultures kept in the absence of CNTE Between 3 and 21 d in culture in the presence of CNTF the total ChAT activity increased by a factor of >100. Immunotitration demonstrated that the elevated ChAT levels were due to an increased number of enzyme molecules. In contrast to the increase in ChAT levels, the total and specific activity levels of TH were decreased by 42 and 36%, respectively, after 7 d in culture. Half-maximal effects for both ChAT increase and TH decrease were obtained at CNTF concentrations of ,o0.6 ng and maximal levels were reached at 1 ng of CNTF per milliliter of medium. The effect of CNTF on TH and ChAT levels were seen in serum-containing medium as well as in serum-free medium. CNTF was shown to have only a small effect on the long-term survival of rat sympathetic neurons. We therefore concluded that the effects of CNTF on ChAT and TH are not due to selective survival of cells that acquire cholinergic traits in vitro, but are rather due to the induction of cholinergic differentiation of noradrenergic sympathetic neurons.
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S
YMPATHETIC ganglia contain several neuronal subpopulations that differ in their transmitter phenotype. Whereas most peripheral sympathetic neurons are noradrenergic, a small population of neurons are functionally cholinergic. The developmental expression of cholinergic properties by sympathetic neurons of the rat superior cervical ganglia has been analyzed in great detail in vitro and in vivo. These neurons have noradrenergic properties in vivo (Cochard et al., 1979; Teitelman et al., 1979) but when grown in vitro in the presence of certain factors, these cells show plasticity with respect to their expression of transmitter phenotype. Under the influence of factors present in rat heart muscle-conditioned medium (Patterson and Chun, 1974; Furshpan et al., 1976; Patterson and Chun, 1977; Weber 1981) and in rat skeletal muscle-conditioned medium (Swerts et al., 1983; Raynaud et al., 1987b) , catecholuminergic properties, including tyrosine hydroxylase (TH) ~, are reduced and cholinergic characteristics, such as choline acetyltransferase (CHAT), are induced. The induction of cholinergic properties by the heart muscle-conditioned medium was demonstrated to be due to the presence ofa 45-kD glycoprotein, named cholinergic neuronal differentiation factor (Fukada, 1985) . Cholinergic differentiation of cultured rat sympathetic neurons was also demonstrated under the influ-1. Abbreviations used in this paper: CHAT, acetyl cholinetransferase; CNTF, ciliary neurotrophic factor; NGF, nerve growth factor; TH, tyrosine hydroxylase.
ence of factors present in human placental serum and/or embryo extract (Johnson et al., 1976; Ross et al., 1977; Iacovitti et al., 1981) . Interestingly a similar transition in the transmitter phenotype of sympathetic neurons has also been observed in vivo. The sympathetic neurons innervating the sweat glands of the rat foot pad are functionally cholinergic in adult rats (Langley, 1922; Hayashi and Nakagawa, 1963; Sato and Sato, 1978; Landis and Keefe, 1983; Landis et al., 1988) . During early development, however, these neurons express first noradrenergic properties. The noradrenergic properties are lost during later development and the neurons become cholinergic which, among other changes, is reflected by the appearance of vasoactive intestinal peptide and ChAT immunoreactivity (Landis and Fredien, 1986; Yodlowski et al., 1984) .
During our analysis of the development and differentiation of chick sympathetic neurons we have observed that ciliary neurotrophic factor (CNTF) induces the expression of vasoactive intestinal peptide immunoreactivity and reduced TH immunoreactivity in cultured chick sympathetic neurons (Ernsberger et al., 1989) . Thus, it seemed of great interest to investigate whether CNTF has the properties of a factor that can promote the switch from the noradrenergic to the cholinergic phenotype. Since this transition has been studied extensively in rat sympathetic neurons of the superior cervical ganglia, we decided to study the effect of CNTF on ChAT activity levels in these cells.
The present study demonstrates that CNTF increases ChAT and at the same time decreases TH activity levels. Together with the previously obtained evidence on the induction of vasoactive intestinal peptide immunoreactivity in chick sympathetic neurons (Ernsberger et al., 1989) , these data suggest that CNTF may be considered a factor that promotes the transition from a noradrenergic to a cholinergic phenotype in sympathetic neurons.
Materials and Methods

Materials
Collagen from calf skin (type III), poly-o-L-ornithine (type l-B), penicillin G, streptomycin sulfate, cytosine/~-D-arabinofuranoside, protein A crude cell suspension (formalin-fixed Staphylococcus aureus, Cowan strain), rabbit anti-mouse IgG (whole molecule) antiserum, IgG-free albumin, ovalburain, and molecular mass standards for one-dimensional gel electrophoresis were purchased from Sigma Chemical Co. (St. Louis, MO); six-well 35-mm dishes were purchased from Costar (Cambridge, MA); mouse sarcoma laminin, Leibovitz's L-15 medium, and nutrient mixture Ham's FI2 were purchased from Gibco Laboratories (Grand Island, NY); 3H-acetyl-CoA (1-6 Ci/mmol) was purchased from New England Nuclear (Boston, MA). Molecular mass standards for two~dimensional gel electrophoresis were obtained from Bio-Rod Laboratories (Richmond, CA).
Neurotrophic Factors
CNTF was purified from adult rat sciatic nerve by a modification of the method of Manthorpe et al. (1986) using DEAE-ion-exchange chromatography and preparative SDS-PAGE. The protein eluted from the gel was then subjected to a further chromatographic step to remove SDS. The purified CNTF migrated as a single band on a 10-20% SDS polyacrylamide gradient gel under reducing conditions. The molecular mass was estimated to be '°22.5 kD, if related to lysozyme, 14.3 kD; PMSF-treated trypsinogen, 24 kD; and ovalbumin '~45 kD. The isoclectric point was determined to be "o4.8. Two-dimensional gel electrophoresis was performed as described by O'Farrell (1975) . The first dimension was isoelectric focussing in a gradient ofpH 3.5 to 10. The second dimension was done on a 12% SDS polyacrylamide gel. The CNTF migrated as a single spot (Fig. 1) . In some cases a faint second spot with the same molecular mass and a slightly more acidic isoelectric point was observed on the gel: we attribute this spot to a degraded form of CNTE probably due to oxidation. The purified protein displayed the same biological properties as described previously by Manthorpe et al. (1986) , i:e., the protein was able to maintain neurons from E8 ciliary ganglia, E8 and El0 sympathetic ganglia, El0 dorsal root ganglia, but had no effect on the survival of E8 dorsal root ganglia neurons. 2.5 S NGF was prepared from male mouse submaxillary glands as described by Bocchini and Angeletti (1969) using modifications described by Soda et al. (1978) .
Cell Culture
Adrenergic sympathetic neurons were obtained from superior cervical ganglia of newborn rats by a procedure of Mains and Patterson (1973; Chun and Patterson, 1977a ,b) using modifications described by Schwab and Thocnen (1985) . The dissociated sympathetic neurons were plated on 35-nun dishes which were coated with collagen (1 #g/ml of PBS per dish) or sequentially with polyornithine (0.5 mg/ml 0.15 M borate, pH 8.3 per dish) and laminin (10 #g/rnl of PBS per dish). Routinely 17000 cells were plated on one 35-ram dish and the neurons were kept in 2-3 ml of Leibovitz's L-15 medium, 5% (voi/vol) rat serum obtained from adult rats, 100 U of penicillin, and 100 #g of streptomycin per milliliter and, if not otherwise stated, 50 ng of nerve growth factor (NGF) per milliliter. Medium was changed every 2-3 d and 10 #M of cytosine arabinofuranoside was added 2 d after plating and then once every week to suppress the growth of nonneuronal cells.
Serum-free medium consisted of Ham's FI2 medium supplemented with transferrin, putrescine, insulin, selenium, and progesterone as described by Bottenstein and Sato (1979) . The number of neurons was determined by counting the large, phase bright cells (with or without processes) in 10 randomly chosen visuals fields at 125-fold magnification. The area counted corresponded to 2.6% of the total area. Neuron cultures were washed twice before harvesting with PBS to remove serum proteins. Then the cells were scraped off the dish in PBS with a rubber policeman, pelleted by centrifagation, and stored frozen at -20°C until further use. 
Assays ~ a.
Frozen neurons (,o10,000-15,000 surviving cells from one culture dish) ~ ~ 12 were suspended in 130/zl of homogenization buffer (0.1% Triton X-100 and / 5 mM Tris-HCl, pH 7.4) and homogenized by repetitive pipetting. Undis-~ o 10 solved material was pelleted by centrifugation for 2 min at 10,000 g. 20 #1
"~ ,, were assayed for TH (Acheson et al., 1984) , 15 #1 for ChAT (Fonnum, "~ ~ s 1969; Raynaud et al., 1987a) enzyme activity measurements, and 40 #1 for ® x 6 protein determination by the Bradford procedure (Bradford, 1976) with "6 ovalbumin as standard. All determinations were done in duplicate. Specific ~ ~3 TH and ChAT activity levels were expressed as nanomoles of dihydroxy-~ phenytalanine (dopa) formed/min per mg of total cellular protein and as picomoles of acetylcholine formed/min per mg of protein, respectively. Due to the small amounts of CHAT, the sensitivity of the enzyme assay was increased using subsaturating concentrations of acetyl-CoA (2 #M with a specific activity of "ol Ci/mmol) described by Raynaud et al. (1987a) . The activity was blocked completely in the presence of 0.5 mM N-hydroxyethyl-4[1-naphthylvinyl]pyridinium bromide. Both assays were linear with time up to 15 min and with the amount of enzyme present in the assay mixture until ,',,40% of the substrate was used.
Immunotitration
Neurons were harvested and solubilized in homogenization buffer as described above. Homogenates from cells cultured in the presence of CNTF contained high levels of ChAT and were therefore diluted 20-fold with homogenization buffer to obtain ChAT activity levels that were similar to those found in cells cultured in the absence of CNTE To 20 #1 of homogenate 3 #1 of the mouse monoclonal anti-ChAT antibody 1E6 (Crawford et al., 1982 ; a generous girl of Dr. P. Salvaterra, Beckman Research Institute, Duarte, CA) was added and the mixture was incubated for 1 h at 4°C. The lyophilized monoclonal antibody was dissolved in PBS supplemented with 0.1% albumin at a concentration of 200 ng/ml and diluted up to 100-fold. The antibody-ChAT complexes were then mixed with 7 #1 of a 10% (wt/vol) protein A-cell suspension (formalin-fixed S. aureus cells) and incubated for 1 h at 4°C. After the incubation the cells were pelleted and the amount of ChAT activity that remained in the supernatant solutions was determined. The protein A-cell suspension was prepared as follows: The cells were first washed four times with homogenization buffer, then incubated for 1 h at 4°C with rabbit anti-mouse IgG antiserum, and finally washed four times with homogenization buffer.
Results
Cell Culture
The conditions for culturing adrenergic sympathetic neurons of superior cervical ganglia from newborn rats have been analyzed in detail previously (Mains and Patterson, 1973; Hefti et al., 1982) . In these studies collagen has been used as culture substrate. Since laminin has been shown to be a more preferable substrate than collagen for the culture of different types of peripheral neurons (Baron-Van Evercooren et al., 1982; Rogers et al., 1983) , the effect of these two substrates on morphology and survival was investigated. The neurons cultured on laminin were more evenly distributed on the dish and produced mainly thin neurite bundles, whereas the neurons cultured on collagen did aggregate and their neurites formed thick bundles. Neurite outgrowth was detectable after 1 d on laminin-coated dishes whereas on collagencoated dishes neurite outgrowth was observed only after 2 d in culture (data not shown). The maximal survival of neurons cultured on laminin was reached with 10 ng of NGF per milliliter of medium (Fig. 2) , the concentration also reported to result in maximal neuronal survival on collagen (Hefti et al., 1982) .
NGF affects not only the survival of rat sympathetic neurons but also the activity levels of TH and ChAT (Hefti et al., 1982; Raynaud et al., 1988) . To analyze the effect of CNTF on the expression of ChAT and TH, conditions were chosen where survival, TH, and ChAT activities were maximally stimulated by NGE Whereas the maximal survival of neurons cultured on laminin was reached with 10 ng of NGF per milliliter of medium, TH activity levels reached maximal values at 50 ng/ml (Fig. 2) . Previous studies indicated that both TH and ChAT activity reach maximal levels at the same NGF concentration (Raynaud et at., 1988) . Thus all experiments were performed at a NGF concentration of 50 ng/ml. The specific TH activity of cells cultured on laminin was not significantly different from the enzyme levels of cells kept on collagen as shown in Table I .
Effect of CNTF on the Activity Levels of ChAT and TH Dose Response Curve.
Neurons were cultured either in the presence of NGF alone or in the presence of NGF and increasing amounts of CNTE The levels of ChAT and TH were analyzed 7 d after the addition of CNTE CNTF addition led to a strong increase in ChAT activity and to a decrease in TH activity (Fig. 3) . ChAT activity levels began to increase significantly at a CNTF concentration of 0.1 ng/ml and reached maximal values at 1 ng/ml. Half-maximal ChAT increase was observed in this experiment at 0.5 ng/ml and on the average at 0.6 + 0.2 ng/ml (three independent experiments with SEM). Addition of up to 8 ng/ml did not further increase ChAT levels (data not shown). After 7 d in culture in the presence of CNTF, the specific ChAT levels were increased on the average by 18-fold ( Fig. 3 and Table II ).
The total and specific TH activity were determined in parallel and were found to be decreased by 42 and 36%, respectively, as compared to control cultures in the absence of CNTF (Table II and Fig. 3 ). Both ChAT and TH activities were expressed as specific activities, that is, normalized to the total cellular protein content. Protein content per dish decreased in the presence of 1 ng/ml CNTF by 27 + 4.1% in 10 independent experiments. Since CNTF decreased protein and TH levels, it is concluded that the ChAT increase is due to a selective induction by CNTF in a dose-dependent manner.
Time Course. After culturing the neurons for 3 d with NGF alone, CNTF was added and the levels of ChAT and TH were determined 0, 4, and 7 d after CNTF addition (Fig.  4) . Control cultures were kept with NGF alone. In the absence of CNTF the specific activity levels of TH increased 4.8-fold between day 3 and 10 in culture (0 and 7 in Fig. 4  b) . During the same culture period in the presence of CNTF, however, TH levels were only increased by 2.3-fold. In contrast to TH, the specific activity levels of ChAT increased 23-fold during the first 7 d after CNTF addition (Fig.  4 a) . The effect of CNTF showed a slow time course: Although a small increase in the specific activity levels of ChAT was observed as early as 2 d after CNTF addition (data not shown), the maximal increase was observed 7 d after CNTF addition (Fig. 4 a) . The specific ChAT activity of CNTF-treated cultures was increased fivefold, as compared to untreated cultures (Fig. 4 a) , and on the average was increased 17.7-fold (Table II) .
These results demonstrated that CNTF has significant (and opposite) effects on the activity levels of ChAT and TH in rat sympathetic neurons that were cultured for 7 d in the presence of CNTE However, most of the previous work on the effects of cholinergic factor was carried out with sympathetic neurons that were cultured for several weeks. Therefore, we also investigated the effect of CNTF on ChAT levels of neurons cultured for 21 d (Fig. 5) . The specific activity of ChAT continued to increase up to 14 d but was found to be constant between 14 and 21 d. The total ChAT activity per dish, in contrast, continued to increase up to 21 d, as described previously (Swerts et al., 1983) , for the effects of cholinergic factor from rat skeletal muscle-conditioned medium. Total ChAT activity increased between 3 and 24 d in the presence of CNTF by 177-fold in this experiment and on the average by 154 __+ 22-fold. TH levels were decreased in the presence of CNTF after 21 d in culture by 56 +__ 13 and 50 _ 2% in total and specific activity, respectively. The experimental conditions were the same as described in the legend of Fig. 4 except that the cells were cultured for up to 21 d.
CNTF Effects in Serum-free Medium. Rat serum has
been demonstrated to increase the levels of ChAT and the ability to synthesize acetylcholine in cultured rat sympathetic neurons as compared to cells cultivated in serum-free medium (Iacovitti et al., 1982; Wolinsky and Patterson, 1985a) . In the absence of serum, acetylcholine production is very low. It can, however, be induced by the addition of the cholinergic inducing factor from heart cell-conditioned medium (Wolinsky and Patterson, 1985b) . To exclude the possibility that the effect of CNTF on ChAT levels is due to a potentiation of the serum effect rather than due to a direct effect, ChAT levels of rat sympathetic neurons were also analyzed in serum-free medium (Table II) . In the absence of serum the total ChAT activity per dish was 2.5 + 0.83 pmol of acetylcholine per min (three independent experiments with SEM) and thus, lower by a factor of 20 as compared to cultures kept in serum-containing medium. CNTF addition resulted in a sevenfold increase in the specific ChAT activity. The effect of CNTF on the decrease of TH was more extensive than in serum-containing medium and resulted in a threefold reduction of TH levels (Table II) .
Effect of CNTF on the Survival of Rat Sympathetic Neurons
The effect of C/~TF on ChAT and TH could either be due to selective survival of a cholinergic (or presumptive cholinergic) subpopulation of sympathetic neurons or due to a general induction of ChAT and depression of TH in all sympathetic neurons. To decide between these two possibilities, the survival effect of CNTF on sympathetic neurons from newborn rats was analyzed and compared to the effect of NGE The neurons were plated either in the absence of any factor, with NGF alone, CNTF alone, or with both factors, and the number of surviving cells was determined (Table  III) . 18 h after plating, similar survival was observed under all four culture conditions, indicating that these cells can survive for that period of time in the absence of added survival factors. Similar observation have been made previously (Hefti et al., 1982) . However after 2 d in the absence of any survival factor almost all cells were dead (Table III) . In the presence of CNTF alone, 41% of the cells were still alive after 2 d in culture, and after 7 d ,x,9 % of neurons were observed which, however, showed signs of degeneration (Table  III and Fig. 6 b) . These data are in agreement with previous observations that CNTF has an effect on the survival of rat sympathetic neurons in 24-h cultures (Barbin et al., 1984) . In contrast, in the presence of NGF alone 80% of the cells survived after 2 d and 72 % after 7 d of culture (Table III and Fig. 6 c) . In the presence of both NGF and CNTF, 63 % of the cells survived 7 d after plating (Table III and Fig. 6 d) .
The simultaneous addition of NGF and CNTF did not increase the number of neurons as compared to cultures kept with NGF alone. In four independent experiments the number of neurons was slightly decreased by 9.2 + 3.4% (SEM). Also in serum-free medium CNTF had only a small survival effect after 7 d in culture. In the presence of both CNTF and NGF again no additional survival was observed in serumfree medium as compared to NGF cultures (data not shown). These data exclude a selective survival effect of CNTF on a subpopulation of sympathetic neurons as the cause for the effects of CNTF on ChAT levels in culture.
CNTF Increases the Number of ChAT Enzyme Molecules
To investigate whether the effect of CNTF on ChAT activity levels was due to an increased number of enzyme molecules or due to an activation of the enzyme, immunotitration experiments were carried out. Increasing amounts of the monoclonal anti-ChAT antibody 1E6 (Crawford et al., 1982) were added to neuron homogenates and the enzyme-antibody complexes were precipitated by a protein A-cell suspension. Immunoprecipitation was performed with homogenates obtained from neurons that were cultured for 7 d in 0 and 1 ng of CNTF/ml. The homogenates of the CNTF-treated cultures which contained ~lT-fold more ChAT activity were diluted 1:20. The ChAT activity that was still present in the supernatant was determined and plotted against the amount of antibody (Fig. 7) . The slopes of the curves were very similar indicating that the increased ChAT activity was due to an increased number of enzyme molecules.
Discussion
This study shows that CNTF increases the levels of ChAT activity in cultured rat sympathetic neurons and that this increase is paraUelled by a reduction in the levels of TH activity. Evidence is presented that the CNTF effect on ChAT activity is due to an increase in the number of enzyme molecules. Since CNTF did not increase the number of surviving neurons as compared to NGF alone, a selective effect of CNTF on the survival of precholinergic neurons was excluded. It is concluded that the selective effect of CNTF on * The neurons were plated on laminin-coated dishes in the presence or absence of NGF (50 ng/rnl) and CNTF (1 ng/ml) and the surviving neurons were counted 18 h and 2 and 7 d after plating. Cell numbers obtained after 18 h were set as 100% and were similar for all four culture conditions. Numbers represent the average cell counts with SEM of three independent experiments. ~: Neurons kept in the presence of CNTF alone had a small cell diameter and often displayed signs of degeneration, i.e., beaded structures of neurites. This value is the mean of three experiments where in two experiments virtually no neuron was detectable.
ChAT and TH is due to effects on the expression of these properties rather than to selective survival. The observed effects of CNTF classify this factor as a molecule involved in the transition of sympathetic neurons from adrenergic to cholinergic phenotype. The sympathetic neurons kept on laminin in the presence of NGF were found to respond to CNTF in a dose-dependent manner with a simultaneous increase in ChAT and a reduction in TH activity. The half-maximal effect of CNTF was in the range of 0.6 ng/ml and maximal effects were obtained at 1 ng/ml. Survival effects on chick ciliary neurons reached half-maximal values at 0.1 ng/ml and maximal effects at ,o0.4 ng/ml (Ernsberger et al., 1989) . Thus, "o2-5 times more CNTF was needed for ChAT induction in cultured rat sympathetic neurons than for survival of chick ciliary neurons. This could be due to inactivation and/or degradation of CNTF in the rat cultures compared to chick neuronal cultures. CNTF has been observed indeed to lose biological activity under a variety of conditions, for instance upon freezing and thawing (Hughes et al., 1988) . On the other hand the difference could also be due to different receptor properties or due to different receptor occupancies required for these two effects. In the case of NGF it has been shown that survival and noradrenergic differentiation; i.e., catecholamine production and induction of TH in rat sympathetic neurons are affected by different concentrations of NGF (Chun and Patterson, 1977a; Hefti et al., 1982; Raynaud et al., 1988 ; and the present study).
The effect of CNTF on ChAT activity levels is a slow process that leads to a small increase during the first 4 d after CNTF addition and to a large effect 14-21 d after CNTF addition. Similar results have been obtained when the effect of rat heart or skeletal muscle-conditioned medium on the development of eholinergic properties has been analyzed (Pat- terson and Chun, 1977; Swerts et al., 1983; Raynaud et al., 1987a,b) .
In the absence of CNTF, ChAT levels did also increase with time in culture. This development of ChAT activity has been attributed to the presence of cholinergic factor(s) in rat serum (Wolinsky and Patterson, 1985b) . In accordance with this interpretation ChAT levels were dramatically reduced in cells cultured under serum-free conditions. CNTF induced ChAT activity also under these conditions which excludes the possibility that CNTF may act indirectly by interacting with the factor(s) present in serum.
The levels of TH were decreased in the presence of CNTE CNTF suppressed the increase of TH activity in culture and in some experiments TH levels were reduced by CNTF below the levels observed at the beginning of the culture period. In the absence of serum, TH activity was reduced by CNTF addition to even lower levels. This finding is in agreement with the results on the effects of cholinergic factor from heart muscle-conditioned medium in the absence of serum (Wolinsky and Patterson, 1985a) . The extent of development of adrenergic properties in the presence of the cholinergic differentiation factor(s) present in serum and/or embryo extract (Johnson et al., 1980; Iacovitti et al., 1981) , rat heart muscle-conditioned medium (Patterson and Chun, 1977; Wolinsky and Patterson, 1983) , and rat skeletal muscle-conditioned medium (Swerts et al., 1983) has been found to be very variable and it has been suggested to depend on the strength of the cholinergic stimulus (Wolinsky and Patterson, 1983; Raynaud et al., 1987b) . It should be noted that the levels of both TH and ChAT in sympathetic neurons are influenced by several culture variables; i.e., cell contact (Acheson and Thoenen, 1983; Adler and Black, 1985 ; Kess- Figure 6 . Morphology of rat sympathetic neurons cultured in the presence of NGF and/or CNTE The neurons were plated either without any factors (a), with CNTF (1 ng/ml) alone (b), with NGF (50 ng/ml) alone (c), or with both NGF and CNTF (d). Photomicrographs were taken 7 d after plating. Bar, 100/zm. ler et al., 1986; Saadat and Thoenen, 1986; Acheson and Rutishauser, 1988) , substrate (Acheson et al., 1986) , and serum (Wolinsky and Patterson, 1983) . Differences in the time course and the extent of both the increase in ChAT and the decrease in TH by CNTF as compared to the cholinergic factors may be due to small differences in culture conditions.
The effects Of CNTF on ChAT levels could be explained by a selective effect of CNTF on the survival of a subpopulation of sympathetic neurons with the ability to acquire cholinergic properties. This possibility had to be considered since CNTF has been discovered as a survival factor for the cholinergic neurons of the chick ciliary ganglion and since a short-term survival effect of CNTF on rat sympathetic neurons has been described (Barbin et al., 1984; Manthorpe and Varon, 1985) . It was now demonstrated that the survival effect of CNTF on rat sympathetic neurons is only transient. In contrast to NGF, CNTF was not able to support the long-term survival of rat sympathetic neurons. When CNTF was present in addition to NGF, the number of surviving neurons was not increased. These findings exclude a selective survival effect of CNTF in the presence of NGF as the cause for the ChAT increase. Also, it was found that the addition of CNTF after several days in culture results in the induction of CHAT. This finding and also the observed decrease in TH activity cannot be explained by the survival of an additional cell population. There have been several reports on the effect of CNTF on ChAT activity in cultured neurons Unsicker et al., 1987; Hoffman, 1988) . In these cases it has however not been clear whether the effect of CNTF is due to an increase of ChAT or due to a selective survival effect or both. In the present culture system the neurons are cultured in the presence of saturating doses of NGF and thus, the increase in ChAT reflects increased enzyme activity per cell. Immunotitration experiments demonstrated that the increase in ChAT activity is due to an increased number of enzyme molecules. It is thus concluded that CNTF causes the induction of CHAT.
The present data, together with the previously observed effect of CNTF on the expression of vasoactive intestinal peptide in chick sympathetic neurons (Ernsberger et al., 1989) indicate that CNTF is a cholinergic differentiation factor. What is the relationship between CNTF and the cholinergic differentiation factor present in rat heart and rat skeletal muscle-conditioned medium? With respect to the in vitro effects, there were no significant differences observed between CNTF and the cholinergic factor. Both factors lead to an increase in ChAT and a decrease in TH. Both factors have no long-term survival activity for rat sympathetic neurons. Cholinergic factor is present in rat heart cell-conditioned medium (Patterson and Chun, 1977; Weber, 1981; Fukada, 1985) , and CNTF or CNTF-like factors, i.e., factors with survival properties for chick ciliary neurons, are present in chick heart ceU-conditioned media (Helfand et al., 1976) .
There is, however, a major difference in the molecular structure. The cholinergic factor is a glycoprotein with an apparent molecular mass of 45 kD as judged by polyacrylamide gel electrophoresis. CNTF has a molecular mass of 22 kD and we have so far no evidence for glycosylation of CNTE CNTF has an isoelectric point of 4.8-5.0 (Barbin et al., 1984) whereas the cholinergic factor from muscleconditioned medium is considered to be a basic protein (Fukada, 1985; Weber, 1981; Weber et al., 1985) . The cholinergic differentiation factor loses its activity when subjected to mercaptoethanol in the presence of SDS (Fukada, 1985) whereas CNTF does not. Thus, the most likely possibility is that CNTF and the cholinergic factor from muscle-conditioned medium are different proteins with similar functions. There is, however, the finding that the cholinergic factor can be deglycosylated resulting in a protein with an apparent molecular mass of 21 kD which retains its biological activity. A molecular mass of 21 kD was determined for the cholinergic differentiation factor from skeletal muscle-conditioned medium using molecular sieving and sucrose gradient centrifugation (Weber et al., 1985) . Thus the apparent molecular mass of 45 kD on SDS-PAGE may be an overestimate due to the large number of carbohydrate chains. Although CNTF may be the unglycosylated form of the cholinergic factor as it has a similar molecular mass, this possibility is unlikely since CNTF carries a net negative charge; glycosylation would presumably result in more negative charges whereas glycosylated cholinergic factor is a basic protein. Amino acid sequence analysis will eventually answer the question if there is any structural similarity between these two molecules which have similar effects on the cholinergic differentiation of rat sympathetic neurons and will also clarify the relation of CNTF to other factors with cholinergic function (Nishi and Berg, 1981; Henderson et al., 1984; McManaman et al., 1988) .
Although the physiological function of CNTF is not clear at present, the observed in vitro effects of CNTF suggest a possible involvement of CNTF in the transition of sympathetic neurons from noradrenergic to cholinergic phenotype. It should be noted however that CNTF-Iike activity has been demonstrated in tissues like heart, iris Hill et al., 1981; Watters and Hendry, 1988) , which are innervated by noradrenergic rather than by cholinergic sympathetic neurons. In addition the high concentrations of CNTF in sciatic nerve (Manthorpe et al., 1986) seem not to affect the differentiation of noradrenergic neurons projecting in the nerve. A specific biological effect of CNTF would thus require a strict local control of availability Of CNTF or a control of the ability of the neurons to respond to CNTE
